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ditions.   A variety of techniques, explained below, exist for demon-
strating field biodegradation.

TECHNIQUES FOR DEMONSTRATING BIODEGRADATION

IN THE FIELD

The goal of the techniques for demonstrating field biodegrada-
tion is to show that characteristics of the site's chemistry or microbial
population change in ways that one would predict if bioremediation
were occurring. The environmental changes measured in these tests
should correlate to documented contaminant loss over time. No one
technique alone can show with complete certainty that biodegrada-
tion is the primary reason for declining contaminant concentrations
in the field. The wider the variety of techniques used, the stronger
the case for successful bioremediation. As an example, Box 4-1 de-
scribes a site where several tests were combined.

There are two types of sample-based techniques for demonstrat-
ing field biodegradation: measurements of field samples and experi-
ments run in the field. In most bioremediation scenarios a third
technique, modeling experiments, provides an improved understanding
of the fate of contaminants. Examples of field measurements, field
experiments, and modeling experiments are described below. These
examples provide general guidance about which types of tests are
appropriate. Detailed experimental protocols for carrying out the
tests need to be developed and will vary depending on the types of
contaminants present, the geological characteristics of the site, and
the level of rigor desired in the evaluation.

Measurements of Field Samples

A number of techniques for documenting in situ bioremediation
involve removing samples of soil and water from the site and bring-
ing them to the lab for chemical or microbiological analysis. Many of
these techniques require comparing conditions at the site once
bioremediation is under way with site conditions under baseline cir-
cumstances, when bioremediation is not occurring. Baseline condi-
tions can be established in two ways. The first method is to analyze
samples from a location that is hydrogeologically similar to the area
being treated but is either uncontaminateti or is outside the zone of
influence of the bioremediation system. The second method is to
gather samples before starting the bioremediation system and com-
pare them with samples gathered at several time points after the
system is operating. This second method applies only to engineered